Among gynecological tumors, DiSaia et al. first reported cases that originated from an immature teratoma of the ovaries; they called this phenomenon chemotherapeutic retroconversion [2] . Amsalem et al. ultimately concluded that chemotherapeutic retroconversion and GTS are the same condition [3] . GTS originating from the ovaries most commonly presents with peritoneal dissemination similar to that in ovarian cancer [4] . Although the etiology of GTS has not been established, the two most cited theories are 1) chemotherapy destroys the immature components and only the mature components remain and 2) chemotherapy changes the cell kinetics from pluripotent malignant germ cells to mature benign teratomas [2, 5, 6] .
In patients with suspected GTS, it is important to rule out the recurrence of malignant components, for which total tumor resection is required, for preventing growth and malignant transformation [7] . The reported rate of germ cell malignancy in ovarian tumors was low at approximately 4%, GTS in the ovarian tumor was reported a total of about 50 cases in Japan and overseas [4] . In a review of GTS cases, among which 7% were immature teratomas, the median age at onset of ovarian germ cell malignancy was 21 years (range, 5-38 years); the median period from the completion of postoperative chemotherapy to GTS onset was 8 months (range, 3-156 months) [8] . Therefore, in the timing of surgery for germ cell malignancy and GTS, the issue of fertility preservation arises. Cases of pregnancy and childbirth during remission after surgery for GTS have been reported [4, 9] ; however, no cases of pregnancy and delivery with concurrent GTS have been reported.
We encountered a patient with a stage 3b immature teratoma, who developed peritoneal dissemination immediately after adjuvant chemotherapy; GTS was strongly suspected. After the second pregnancy and childbirth, the disseminated lesions were completely resected 4 years after onset, and GTS was confirmed.
Introduction
Growing teratoma syndrome (GTS) is a rare disease characterized by the appearance of benign metastatic lesions during or after chemotherapy for germ cell tumor. Regardless of the source of metastasis, the level of tumor markers remains controlled after treatment, and the pathologic findings of the metastatic lesions show mature teratomas without malignant components. In 1982, Logothetis reported six cases that arose from germ cell malignancies (five testicular tumors and one ovarian tumor) and proposed the concept of GTS [1] .
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Internal examination and ultrasound imaging revealed a 16 cm solid tumor with good mobility in the right ovary. Computed tomography (CT) scan revealed fatty components and coarse calcification within the tumor, with the contrast enhancement of the solid part. The initial suspicion was of a malignant tumor, but there were no clear findings of metastasis ( Figure 1 ). Magnetic resonance imaging (MRI) with T1-weighted imaging revealed a small, dotted, hyperintense signal that represented the fatty components of the tumor; for the solid part, isointense signals were seen on T1-weighted imaging, whereas hyperintense signals with contrast effect were seen on T2-weighted imaging. Measurement of serum tumor markers revealed the following levels: cancer antigen (CA)-125 at 120 U/mL, alpha-fetoprotein (AFP) at 329 ng/mL, and squamous cell carcinoma antigen (SCC) at 2.0 ng/mL. On the basis of these results, stage Ia immature teratoma of the right ovary was diagnosed, and surgery was scheduled.
Upon making an incision into the abdomen, the right ovary was noted to have an infant's headsize; the capsule was ruptured and disseminated nodules of approximately 7 mm in size were observed in the greater omentum. The patient opted for fertility-sparing surgery; therefore, only the right adnexa and the affected greater omentum were resected. Pathological examination of the right ovarian tumor revealed mature components with the growth of glial tissue, choroid membrane tissue, bone, cartilage, tooth buds, colonic mucous membrane, ciliated columnar epithelium, and hair follicle. The mature components were mixed with immature components, including neural tube structures. Therefore, the pathological diagnosis was grade 1 immature teratoma. On the greater omentum, numerous disseminated lesions of varying sizes were found; there were immature components and implants that had differentiated into mature brain tissue ( Figure 2 ). Peritoneal lavage cytology results were falsely positive, suspected the tumor components leakage. Therefore, advanced stage IIIb (pT3bNxM0) was diagnosed after surgery. Tumor markers that were elevated prior to treatment were within the normal range at 9 U/mL for CA-125, 3.2 ng/mL for AFP, and 1.0 ng/mL for SCC. On the basis of previous history, completion of chemotherapy and CT scan results, the level of tumor markers, GTS was strongly suspected. We recommended radical surgery, including total hysterectomy and left salpingo-oophorectomy, for definitive diagnosis and treatment.
However, the patient strongly refused to undergo radical surgery. Thereafter, she was lost to follow-up and subsequently gave birth to her second child by caesarean section at another hospital.
Four years and five months after the appearance of peritoneal dissemination, and following the delivery of her fourth child, the patient finally decided to undergo radical surgery and came to our hospital. CT scan at this time revealed the enlargement of all existing peritoneal dissemination, but there were no new lesions (Figure 4) . She then underwent total abdominal hysterectomy, left salpingoa b oophorectomy, resection of the peritoneal dissemination, extended right hepatectomy, and lower anterior resection of the rectum, with the complete removal of the lesions ( Figure 5 ). The disseminated lesions between the right hepatic lobe and the diaphragm had a clear border, but strongly adhered to the diaphragm and invaded the liver. The adhesions were difficult to separate, the partial diaphragm and right hepatic lobes were resected to perform the total resection of the tumor. The total duration of the surgery was 13 h and 38 min, including 7 h of resection of the subdiaphragmatic dissemination; the total blood loss was 1,311 mL. The pathological diagnosis was mature teratoma without malignant findings, thus confirming the initial suspicion of GTS ( Figure 6 ). One year and six months later, there were no signs of recurrence.
Discussion
The following two points are suggested during the review of this case.
Firstly, to the best of our knowledge, this is the first reported case in which a pregnant patient gave birth without perinatal complications despite concurrent GTS; in addition, she underwent complete tumor resection after childbirth. In the present case, the patient had her second pregnancy and delivery with concurrent GTS. Although cases of pregnancy and delivery during remission after GTS surgery have been reported [4, 9] , there are no reports of pregnancy and delivery with concurrent GTS. In some cases, GTS was managed by tumor resection alone and fertility was preserved [4] ; on the other hand, some reports described that recurrence and malignant transformation are possible in GTS [4, 10] . Therefore, as a general rule, radical total resection including internal genital organs resection in one surgical procedure is recommended for complete recovery [7, 11] . However, germ cell malignancies often occur in young adults, and the usual initial choice is fertility-sparing surgery. When there is a high probability of GTS in patients who desire to preserve fertility, radical surgery may be delayed with caution until after pregnancy and childbirth, provided that the patient is stable and that she fully understands the risks.
Secondly, the observation period in this patient lasted for more than 4 years before radical resection. Although the tumor grew to some extent, there was no rapid progression or the appearance of new lesions. The degree of tumor growth differs according to each individual case [7] , and there have been some cases in which the tumor did not change in size over extended periods of time [12] . With regard to tumor growth, the median growth rate in terms of tumor circumference was reported to be 0.7 cm per month; the median growth rate in terms of tumor volume was at 12.9 mL per month [7] . In the present case, the tumor grew slowly at a rate of 0.18 cm per month to approximately 111% of the size at the time of initial diagnosis. We hypothesize that this relatively slow and small tumor growth made a second pregnancy and childbirth possible in this patient. In patients who refuse radical surgery for fertility preservation, it may be important to thoroughly assess the extent to which the growth is predicted.
Andre et al. proposed three predictive factors of GTS onset, including 1) the presence of mature teratoma components in the primary germ celltumor; 2) incomplete resection during the initial surgery; and 3) the presence of metastatic lesions that are unresponsive to chemotherapy [13] . It has been reported that among patients with GTS arising from a primary ovarian lesion, patients with teratoma components in the primary lesion accounted for 62.5% [14] . Likewise, in the present case, mature teratoma components were present in the primary lesion, placing the patient at risk for GTS onset. Serial imaging evaluations have been recommended after every two courses of chemotherapy to prevent delayed diagnosis of GTS [7, 13] . In the present case, if the CT scan had been performed after the second course of chemotherapy, we may have been able to detect the lesions when they were smaller and resectable by less invasive surgical methods. GTS is pathologically benign; however, unlike mature cystic teratomas of the ovaries, these lesions often have strong adhesions [15] that may require additional invasive surgical procedures, as demonstrated in the present case.
Chemotherapy and radiotherapy are considered to be beneficial adjuvant therapies for germ cell tumors [1, 2, 14] . However, their efficacy for GTS has not been reported, and surgery remains the gold standard for treatment [1, 2, 14, 16] . To prevent regrowth or malignant transformation of the residual tumor after incomplete resection, it may be ideal for surgeons to aim for complete resection, accurate diagnosis, and appropriate surgical timing in a single procedure. In addition, thorough preparation with cooperation among the concerned members of the surgical team is important. Consensus on the timing of radical surgery for GTS has not been reached. The required surgical procedure becomes more invasive as a tumor grows; in corollary, tumor growth can make complete resection difficult. Therefore, it is advisable to perform surgery early [7, 13] . Pressure symptoms and the invasion into adjacent organs caused by tumor growth may exacerbate the general condition and affect the ability of a patient to tolerate surgery. Although histologically benign, the tumor growth of GTS has been reported to cause deep vein thrombosis, pulmonary embolism, renal failure due to ureteral obstruction, intestinal necrosis due to mesenteric artery compression, and biliary obstruction, some of which are fatal [4, 13] . On the other hand, if surgery is performed too early, benign lesions that are not grossly visible may be overlooked. Most GTS arising from ovarian germ cell tumors present with intraperitoneal dissemination that is similar to that in ovarian cancer [4] . However, unlike surgery for ovarian cancer, chemotherapy has uncertain effects for GTS, and total resection is required to achieve complete recovery. To achieve complete resection in one surgery, unless there is rapid growth or an emergency situation, imaging should be evaluated at regular intervals to ascertain all the specific sites of dissemination that need to be removed.
The incidence of GTS recurrence was reported to be 50%-83% after incomplete resection and 0%-4% after complete resection [7, 13, 14] . On the other hand, it has also been reported that the incidence of recurrence after the complete resection of GTS originating in the ovaries was 32% [4] . Furthermore, approximately 3%-5% of GTS lesions may undergo malignant transformation into sarcoma, squamous cell carcinoma, adenocarcinoma, or carcinoids [13, 17, 18] .
In recent years, the usefulness of laparoscopic surgery for earlystage patients has been reported [9, 18, 19] . In fact, other reports have described the effectiveness of intraperitoneal endoscopic observation in detecting micro lesion [20, 21] . It has also been reported that laparoscopy may be useful to avoid the risk of infertility [22] . However, the surgical procedure that is best for patients who wish to preserve fertility has not been established. Bentivegna et al. reported that of 38 GTS patients among 196 patients with immature teratoma of the ovaries, fertility-sparing surgery was performed in 20 patients and 5 patients were pregnant after the operation [4] . The surgical procedure for GTS should be similar to the tumor-debulking surgery for ovarian cancer. It has been suggested that according to the choice of the patient, fertility-sparing surgery may be performed as long as there are no apparent lesions in the uterus and ovaries. In patients who choose to undergo fertility-sparing surgery, regular ultrasonography, CT, and MRI are recommended for the early diagnosis of recurrence, which may be resected by minimally invasive methods.
For the diagnosis of GTS, the following three criteria should be fulfilled: 1) the appearance or growth of metastatic lesions during or after chemotherapy for germ cell tumor; 2) the normalization of tumor markers (i.e., AFP, human chorionic gonadotropin) that were initially elevated prior to treatment; and 3) the histopathology findings of mature teratoma without malignant cells on the surgically resected specimen [23] . Definitive diagnosis requires the pathological diagnosis of resected organs, but diagnostic imaging to predict GTS or the recurrence of malignant components is required prior to surgery. Although there are no imaging findings that clearly distinguish GTS from malignant recurrence, GTS has been characteristically depicted on CT as a high-density tumor with partial cystic changes, including calcification and fatty components, surrounded by a well-defined border and adjacent tissue but with no invasion [14, 24, 25] . In general, PET scanning is useful to distinguish benign tumors. However, it was thought to be of little use in differentiating GTS from the recurrence of malignant components [8, 16] . Hariprasad et al. compared the PET and pathology findings of resected GTS specimens and reported that the area with FDG uptake on PET corresponded with benign brain tissue components, which have high glucose metabolism. Therefore, differentiating between GTS and the recurrence of malignant components on PET is considered difficult [26] . Nevertheless, PET may be useful for the detection of dissemination and the evaluation of any residual tumor [8, 16, 27, 28] . In the present case, the faint FDG accumulation might be affected the presence of benign brain tissues. Although pathological examination of the completely resected tumor is required for definitive diagnosis, radiological imaging and tumor markers may provide clues on the most likely etiology.
There have been no effective treatment methods established for unresectable GTS. Some have reported that interferon [29] [30] [31] , bevacizumab [32] , and all-trans retinoic acid [33] exhibited some inhibitory effects on disease progression; however, the effect of these drugs was limited. Therefore, it is important to perform complete surgical resection.
The prognosis of completely resected GTS is considered to be good. Two large studies reported a 5-year survival rate of 89%-90% and a disease-free survival rate of 73% [7, 13] . However, the late recurrence of GTS has also been reported. Bentivegna et al. reported that after a median observation period of 73 months (range, 3-263 months), 26% (10 cases) had initial recurrence after a median duration of 45 months (range, 2-132 months) [4] . The mean duration of GTS onset was reported to be 8 months; in prolonged cases, it extended to 8 years [34] . For cases at risk for recurrence, careful follow-up observation should be performed for 10 years after the disease onset [19, 25, 34, 35] . In the present case, complete resection was successfully achieved by surgery after two childbirths within a span of 4 years; nevertheless, continued follow-up observation will be required for a long period.
Conclusion
Peritoneal dissemination with suspected GTS was diagnosed following first line therapy for stage IIIb immature teratoma. Although it is not recommended to go through pregnancy and childbirth with concurrent GTS, careful observation and delayed radical surgery may be possible for patients who choose to preserve fertility. However, we emphasize that the management of pregnant women with GTS requires a multidisciplinary team approach including gynecologic oncologists, obstetricians, and neonatologists in an institution that is capable of handling threatened premature labor and delivery that may be caused by the tumor growth during pregnancy. Furthermore, although GTS is benign, growth and invasion would make tumor resection extremely difficult; therefore, thorough examination and cooperation among surgeons is important.
